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CALIBRATION OP A ONIVIRSAL IMBICAfS} 

TURBULENCE SYSTEM 

Willlaa G. Chapin 
Langley Research Center 

SUMMARY 


Theoretical and experin«ntal work on a Universal Indicated Turbulence Meter 
is described, A oatheinatical transfer function ftrom turbulence input to e^/3 
output indication vas developed. A random ergodic process and a Gaussian 
turbulence distribution were assimted. A calibration technique based on 
this transfer function was developed. In order to properly adjust the system 
gain, it \m.a necessary to experimentally determine the transfer function of 
the filter in the computer part of the system. 

The computer contains a variable gain amplifier to make the system output 
independent of average velocity. The range over which this Independence 
holds was determined. An optimum dynamic response was obtained for the 
tabulation between the system pitot tube and pressure transducer by making 
dynamic response measxirements for orifices of various lengths and diameters 
at the source end. 

Although no attempt was made to check all specifications, the tests performed 
showed that the Universed Indicated Turbulence Meter should perform 
satisfactorily. 


INTRODUCTION 


This report describes the calibration and performance tests made on a 
Universal Indicated Turbulence System (UITS), model 1120, manufactured by 
Meteorology Research, Inc. Since no detailed information could be fotind 
either in the instruction manual (ref. l) or elsewhere in the literature, a 
report, on the work done would be a useful guide in calibrating and testing 
future systems. 

The UITS is used by Langley Research Center's Flight Dynamics and Control 
engineers to measure atmospheric turbulence intensity in the inertial sub- 
range as part of an airplane ride quality program. The inertial subrange of 
the turbulence extends from less than 1 Hz to about 1 kHz. It has been 
found that all sensations of turbulence experienced by aircraft passengers 
are due to transverse frequencies within the inertial subrange (ref. 2). 

No mathematical expression describing the transfer function of the system 
from turbulence input to final output could be found in the literature; 


therefore, the theoretical transfer function vas derived assuming a 
Gaussian amplitude distribution and an ergodic process. 


SYMBOLS 


A(f) frequency response characteristic of a general linear system 

B(f) frequency response characteristic of computer filter 

B(f^) frequency response of filter at the calibration frequency 

c computer system constant equal to CyCfCj.C(i, where the 

individual constants are as shown in figure 3 

C 2 universal dimensionless constant equal to about 0.15 (ref. 2) 

D output indicator deflection - imits 

f frequency - Hz 

f{j calibration frequency - Hz 

fjj frequency definitely within inertial subrange above which the 

power spectral density of the filtered signal is negligible - Hz 

fjj, frequency definitely within inertial subrange below which the 

power spectral density amplitudes of the filtered signal are 
negligible - Hz 

G(f) single sided power spectral density of a transverse component 

of turbulence in the inertial subrange 

h(t) time domain impulse response of the RC averaging circuit 

H(S) S domain transfer function of the FC averaging circuit 
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K 

P(t) 

P^(t) 

Po 

t 


system gain constant vlth n»aning as in^lled In usage 
total differential pressure due to u(t) - P/L^ 
dynamic con5>onent of differential pressure - F/L^ 
static con^wnent of differential pressure - F/L^ 
time 


T averaging time 

u(t) instemtaneous total longitudinal velocity relative to a moving 

sensor - L/T 

u^(t) dynamic component of the above velocity - L/T 

Uq average component of u(t) - L/T 

U(f) single sided pover spectral density of u,j(t) 

U3^(f) low frequency portion of U(f) which has negligible amplitude 

at the output of the UITS filter. This includes a con^jonent 
due to inertial subrange turbulence and also deterministic 
components such as inputs from the pilot or autopilot. 

112(f) that part of the single sided power spectral density definitely 

within the inertial subrange 


U2(f) that part of the single sided power spectral density containing 

those upper frequencies which when filtered out have negligible 
amplitudes. Some of these frequencies may be in the inertial 
subrange. 

Ugj.(f) single sided power spectral density of the inertial subrange 

of U(f). This includes all of U2(f) and parts of Ui(f) 
and 113(f). 

Vj, input ac calibration voltage 

Vcpp peak-to-peak input calibration voltage 

Vgj^g rms ac input calibration voltage 

V3CPP peak-to-peak calibration voltage at the output of the filter 

Vi(t) instemtaneous voltage output at various stages of the UITS 

con^juter; i = l, 2, 3 , U, 5 

v^^j(t) ac voltage outputs at various stages of the UITS computer 
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dc voltage components 

vjqq calibration dc bias voltage 

v^j dc output voltage of con^juter unit 

mean square value of the dynamic cou^nent of an ergodic 
signal, x^(t), vhere « u^, v^^ 

X(f) corresponding power spectral density of x^(t) 

e rate at which turbulent energy is converted into heat - L^/T^ 

6(f) power spectral density of the output of a general linear syst^ 

p density PI^/L^ 

Po density for which the system is calibrated 

♦(f) power spectral density of the input of a general linear 

system 

Subscript "fs" denotes full scale value of a variable. Capital letters 
denote the power spectral density associated with the dynamic con^nent 
of a time domain variable, the system frequency response function, or the 
S domain function. 


DESCRIPTION OF SYSTEM 


A block diagram of the system is shown in figure 1 (ref. l). It consists 
of a pitot tube, pressure trtmsducer, a computer unit, and an output meter. 
The computer unit contains a variable gain an 5 >lifier, a constant gain ac 
amplifier, a filter, a half wave rectifier, an RC averaging circuit having 
a 3-second time constant, and a constant gain dc eunplifier. The system, 
except for the pitot tube, is shown in figure 2. 


The signal path is shown in figure 3. The pitot tube senses the differential 
pressure produced by the air velocity. The velocity signal consists of both 
steady state and turbulence components. As will be shown in the theoretical 
development, the system output, D, is made independent of the static velocity, 
Uo» by making the gain of the variable gain amplifier proportional to 
The half wave rectifier and RC circuit averages the random signal output 
from the filter. The output of the computer \init is transmitted to the output 
indicator which is a dc voltmeter calibrated in units. Full scale on 

the indicator corresponds to 5 Vdc and an of 10 cm^'^ sec“^. 


As will be shown in the theoretical development, the exact shape of the 
filter frequency response characteristic is unimportant, but greatest 


system gain is obtained with the pass band of the filter at the lowest 
f^quencies; however* a design con^rooise is necessary* since there is a 
need to eliminate '^ry low frequencies outside the inertial subrange and 
1 to 2 Hz Inputs from the pilot or autopilot (ref. 3). 


THEORY 


Background Information 

KoliKigoroff , in 19^1* reasoned that there would be a portion of the turbu- 
lence spectrum that could be represented by one number, e, the rate at 
which energy is converted into heat. This portion of the spectrum is 
called the inertial subrange (ref. 2). In the inertial subrange. 




" 2 % 


2/3 ^2/3 J.-5/3 


( 1 ) 


It is uncertain as to what are the upper and lower limits of the inertial 
subrange. They are dependent on average velocity. En^jirical data suggests, 
for example, that for a k5 m/sec (lOO mph) airspeed, the inertial subrange 
extends from about 0.15 Hz to about 1 kHz (ref. 2). Due to the electronic 
filter in the UITS, exact knowledge of these limits is not necessary. 


Development of UITS Transfer Function 

The power spectral density of sdl the turbulence components can be written 
as U(f). U(f) can be written as 


U(f) = U^(f) + U2(f) + U^(f) 


( 2 ) 


In equation (2) and in the rest of the mathematical development, it is 
assumed that zero frequency components due to mean values are not included 
in the power spectral density expressions. 


U2(f) is assumed to be ergodic. That is, for any one burst of turbulence, 
the turbulence intensity is theoretically, after transient effects have 
died out, a constant proportional to e^/ 3 after a long (theoretically 
infinite) averaging time. Then, 


00 



U(f) df 



U^(f)df + 


1 


U2(f)df + 



U3(f)df. 


(3) 
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The "o’*’” denotes the fact that the power spectral density coa^onent due to 
Uq is not included. Hereafter, it will be assumed that a zero integration 
limit does not include a mean '^lue, and the -*■ symbol will not be used. 

p(t) * J P u^(t) (ha) 


and 


dp a p u du 

For small u.(t)/u^, dp - p,(t); du - u,(t); and u » u . 

u O a u O 

Therefore 

p^(t) = p u^ u^(t) 

In genera', (ref. h), 0(f) « |A(f)|^ (^(f) 

If |A(f){ = K, a constant, then 0(f) - ♦(f). 

Therefore, 

P(f) a p^ u ^ U(f) 
o 

Similarly, as seen from figure 3, 

V,(f) a c 2 

1 p 

V^(f) = |B(f)| ^ Vp(f) 

From equations (^c), (5a), (5b), and (5c), there is obtained 
^3^^^ “ |B(f)|^ U(f) 


(Ub) 


(Uc) 


(5a) 

(5b) 

(5c) 
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and 


j" Vj(f)df . Cp® c/ Cj® p2 u/ J |B(f)l ® U(f)df • (6a) 

O 

\ 

2 2 

‘Since |B(f}| U^(f) and |B(f)| U^Cf) are assumed negligible, equation (6a) 

to a close approximation can be vritten as 





2 2 
% 



(6b) 


Since in the frequency range covered by U 2 (f), Ug(f) = equation (l) 

can be substituted into equation (6b) with the result that 


= c/ c/ c/ c, ^2 ^^8/3 


h 

f |B(f)| 


2 f-5/3 ,, 


2/3 


For an ergodic process (ref. U), 


(6c) 


T ® 

- lim fj‘x^{t)dt = y* X(f)df 


Therefore 


m 

f 




( 7 ) 


Since V 2 (j(t) * v^Ct), the "d" subscript will no longer be used. 
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I-'rom equations (7) and (6c), 





2 8/3 



( 8 ) 


The symbol has been used in place of the integral expression. 

Next, the output of the system will be determined in terms of if 

the assumption is made that U 4 (t) is Gaussian, it can 1 m shown that V 3 (t) 
is Gaussian (ref. 1»). For a zero mean value. 



2 

When this integral is evaluated, it is found to equal o (ref. 4). 
Therefore, 



(9) 


The average value of the output of the half wave rectifier is 


00 


* V exp 

o 


The lower limit is due to the rectification action. 

By making the substitution y = v^^, the integral can be evaluated with the 
result that 


c 0 

^4 “ 77TI72 


(2ir)^ 


From equations (9) and (lO) 


( 10 ) 


8 



( 11 ) 





An analysis will now be made of the averaging action of the RC circuit for 
an ergodic signal input. The equivalent circuit of the UIIS RC circuit is 
shown in figure l4. The output* V 5 (t^ does not appear in figure 3, since 
the RC circuit and dc aiqjlifier are shown as one block. The loading effect 
of the dc amplifier is assumed to be negligible. 

By the convolution theorem (ref, 


y^it) 



(t - t) h(T) dr 


( 12 ) 


First, h(T) needs to be determined. By straightforward circuit analysis 
methods, H(S) is found to be 


H(S) = 


1/RC 


However , 


h(T) ■ L‘^ {H(S)} 


or 


h(t) 


RC 


(13a) 


(13b) 


Therefore, from equations (12) and (l3b) 


kf 


''5“' ■ TC / ''U - ■'> 


(U) 


The average value of v^Ct), v^, is defined for an ergodic process to be 
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(15) 


T 

^ * 11m ^ f 

^ T-Mi T ^ 


v^(t)dt 


If equations (14) and (15) are coisbined, then 


T z 


■• t) dtdt 


If the order of integration is reversed* and the limits of integration are 
appropriately changed, then 

T T 

vT * lim 1_ f lim l/exp (^r) v, (t - t) dtdt (l6) 

^ RC J T->® W ^ 

O *^T 


For an ergodic process 


T 


(17) 


where is independent of t for very large T. Consequently* from 
equations (l6) and (1T)» 


If the above 
found to be 


= lim 
T-H» 


- / 


exp 


integration and 


limit operations are carried out* vj is 


V 


5 


2 
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The conclusion is that for an ergodic process, the average value of the 
output voltage of the RC circuit is directl;'- proportional to the average 
value of the input voltage. 

Based on this conclusion. 


V 

o 


Cj V, 
d 4 


(18) 


As seen in figxire 3, the constant, c^, takes into account both the RC 
averaging circuit and the dc amplifier. By combining equations (8), (11), 
and (18), 


V 

o 


(2ir) 


- 1/2 


c c 


1/2 


P V 


-2/3 .. U/3 1/2 1/3 


lo 


( 1 ' 


where c is as defined in the list of symbols. 

Next, equation (19) will be nradified to show that with the gain of the 
variai.." “ gain anqplifier equal to independent of Uq. From 

figi for small Ud(t)/uQ, 


^10 “ Po 



Therefore , 


V, -2/3 . c -2/3 2^/3 p‘2/3 „ -’'/3 
-1-Op o 

If equation (20) is substituted into equation (19), there results 

,‘1/2 ^ „ 1/3 „ 1/2 1/3 . 1/2 1/3 

Vq « 2 tr c c P e 


( 20 ) 


( 21 . 


From figure 3, 


D » c v 
m o 


(22a) 


Actually, D is a scale dex’lection. If the scale of D is thought of as 
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being *n units, then 


c 

ra 


3 ^^8 


1/3 


ofs 


and 


D i ^ 


1/3 


V _ o 
ofs 


(22b) 


If equation (22b) is combined with equation (2l), there results 

l/3> 


jj n gl/6 ^-1/2 / ^fs 


ofs 


_ ^ 1/3 „ 1/2 1/3 , 1/2 1/3 
c Cp p e 


(23) 


Equation (21) is the basic relationship between the con 5 )uter output and 
el/3, an index of turbulence intensity in the inertial subrange. Equation (23) 
is the basic relationship between the output indicator defJ'.ction and el/3. 
Equations (21) and (23) show that the system gain depenlc> on I^l/^ and not 
on the exact frequency response characteristic of the filter. However, 


since Ii equals 



it is desirable to pass as much of the low 


frequency portion of the inertial subrange spectrum as is possible. 


Equations will now be developed which form the basis for the technique used 
to calibrate the UITS computer. A method is desired for adjusting the 
constant, c, so that the full-scale output indication, Dfg, corresponds to 
a desired efs^/3. As seen from equation (23) the output depends on the 
density, p, and the sensitivity of the pressure transducer, Cp. Different 
desired operating conditions may require different transducer span 
adjustments. Essentially, the calibration technique is as follows; As 
shown in figure 5, a dc bias voltage, V]^oc> applied to the input of the 
computer to simulate the dc voltage from the pressure transducer. A 
sinusoidal voltage at a frequency, f^, is applied in series with the bias 
voltage. 


The peak-to-peak voltage, V 3 (,pp» at the output of the filter due to the 
input voltage, v^pp, is 
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^3cm> * c c, |B(f ) I V V 

V f I ' c • loc c 


With half wva rectification and RC filtering, the dc output, Vq, of the 
^tea is 

V = c e 

o r °d 2ir ( 


From equations (22h) and (23a) 


c c^ 


(^) 


If equation (2h) is substituted into equation (25b), there results 


D e i 

\ / ’ 


i; 


-2/3 

V, V 

loc cpp 


If is adjusted so that full scale output indication is obtained, 
equation (25c) can be equated to equation (23) with D and equal to 
their full sc€^.e values. The resulting equation can then be solved for 
Vcpp with the result that 

_T/6 1/2 1/3 1/2 1/3 2/3 

V =2 Tf c c„ p V, ' 
cpp p 2 loc 


c 


Equation (26a) can be expressed in an alternative manner since. 


’lofa 
c * 

P P«f*= 
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If equation (26b) is substituted into equation (26a) and the symbol, is 
used for the integral expression. 


V 

cpp 





(26c) 


From equations (26a) or (26c), then, the sinusoidal input voltage corresponding 
to efs^/3 can be computed. The gain constant, c, is adjusted such that full 
scale output indicator deflection is obtained, or, for greater accuracy, 
such that the full-scale output voltage of the conqjuter as measvired with a 
precision dc voltmeter is obtained. 

Next, the effect of atmospheric density, p, on the output indication will 
be shown. Suppose the tests were rxin at the same density as that at which 
Vgpp was computed. Kien from a modification of equation (21) with Vq = 

Vofg and el/3 * Cfgl/3 


t 

^1/3 j^l/2 j -1 


If equation (27) is substituted into equation (23), there results 


D § e"/' 


(27) 


(28) 


which is to be expected. 

Suppose, however, that the system was adjusted on the basis of a calibration 
voltage calculated at a density of Pq but measurements are actually made 
at a density of p. If equation (27) with p = Pg, this time, is substituted 
into equation (21), there results: 


D S 



or 


(29a) 


\l/3 

That is, the apparent el/ 3 output, D, is miiltiplied by 
true el/ 3. 



(29b) 


to get the 


ih 


TESTS 


Tide section describes tests that mre perforrod on the UI^. Although 
specifications were given in the instruction manual* no attempt has been 
made to check all specifications. 

Figure 6 shows the experimental setup used for the tests on the c<»i^>uter. 

Dc power supply no. 1 furnished 28 Vdc power for the coiq)uter. Dc power 
supply no. 2 x'urnished a dc voltage bias to simulate the dc con^nent of 
the output of the pressure transducer. The sinusoidal generator provided 
a sinusoidal signal needed for various tests. The dc volts^ter measured 
the output volta^ of the system. The ac-dc voltmeter at the system input 
does not accurately n^asure ac voltages in the low millivolts range. 
iSierefore, the signal was measured at a higher voltage level, and the voltage 
divider was used to apply a known portion of the measured signcLI to the 
input of the cozq>uter. The series combination of the bias voltage and the 
attenuated sinusoidal voltage was applied where the signal from the 
pressure transducer is normally applied. 

The details are given in the instruction manu€J. for adjusting the computer 
gain constant. A formula is given in the instruction manual for calculating 
the sinusoideil signal to be used in adjusting the gain of the computer. 

Sk 

It is: v^ = TTr, where v is in mvpp and p _ is in psid. The 

CPP / \l/3 cpp *^ofs 

'^ofs' 

frequency of the sinusoidal signal is 12 Hz and the dc bias voltage is 
2.5 Vdc. The ”64” should be considered a nominal value. One of the 
purposes of the tests* of course, was to determine a more exact formula 
for the particular UITS being used. 

Prior to the first test, the UITS computer was adjusted for a full scale 
output of 5 Vdc for a full scale pressvire of 4.8 x 103 N/m^ (0.7 psid). 

At 15®C (59®F) and atmospheric pressure, this corresponds to an air speed 
of 89 m/sec (199 mph). V(,pp was found to be 72.1 mVpp or Vp^y^ = 25.5 mVrms. 
The pressure transducer had been previously calibrated and found to be 
linear. 

A description follows of the tests performed. 


Determination of 

As seen in equations (26a) or (26c), the value of this integral needs to 
be known in order to determine the desired sinusoidal calibration voltage. 

The system output voltage was measured over the range from 1 Hz to 60 Hz 
with the input voltage at approximately 25.5 mVrms. As previously stated, 
this was the voltage that resulted in a full scale output of 5 Vdc at 12 Hz 
input frequency, which is f^. The exact value of the input voltage was 
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recorded at each data point and used in the subsequent calculations. A 
sjMtll residxial dc output voltage at zero input was subtracted from the 
measured dc output voltage, llie resulting value of the output voltage 
shown differs from the ac output at the filter by a constant, which cancels 


I b( r) I 

out in calcvdating | b ( f ' ) | * *^'^'tside of the above frequency limits, no 
system output could be detected. 


60 

Next, £ 

fal 


irTT 


.-5/3 


Af was determined. From 1 to 5 Hz, Af was 1 Hz. 


From 5 to 20 Hz, Af was 0.5 Hz. From 20 Hz to 50 Hz, it was 1 Hz, and from 
50 to 60 Hz, it was 2 Hz. 


FDCD researchers decided to readjust the full scale voltage output of the 
pressure transducer so that it occurred at a pressure of 2,k x 103 K/a^ 
(0.35 psid). This enabled the UITS to be used at a lower air speed. The 
pressure transducer was recalibrated and found to be lineeu*. The gain of 
the UITS computer v&a correspondingly readjusted to make the full scsile 
output voltage 5 Vdc. V^pp was found to be 90.8 mVpp or 32.1 mV^nis* 

The approximation to the integral was then determined for these conditions. 
It was also determined for output voltages at 12 Hz input of ^ V, 3 V, 2 V, 
and 1 V dc. For the 2 V case, the value of the summation was 0.230 Hz~2/3, 
For all other cases, it was 0.229 


Figure 7 shows the filter characteristic obtained for 5 Vdc full scale 
output at 12 Hz. There was no detectable difference in the characteristics 
obtained at other output voltages. 

The calctilation to establish the more exact formula for computing the 
calibration voltage follows. The* density, p, is that at the standard 
temperature of 15°C (59°F) 


V 

cpp 


2'^'^ V, , 1/3 1/2 1/3 2/3 1/2 1/3 

lofs 2 loc 2 fs 


1/3 


■ofs 


V{.pp is in Vpp. The result is to be stated in terms of K/(pofs)^^^ with 
Pofs in psid. 


''^lofs 


= 5 Vdc 


= 0.15 


V, =2.5 Vdc 

loc 


l6 



p 


* 1,23 kg/m^ (I.IU7 X 10"^ lb-aec^/in!f) (ref. 5 ) 

Ig « 0.229 

• 10 cm^^^/sec (5.37 in?'^^/aee) 

For the values listed, ycpp found to be 


cpp 


0.0606 
« 1/3 

l^ofs 


PP 


60. 6 „ _ 

- - j j 3 mVpp 


•ofs 


Linearity Tests on the CoB5>uter 


Amplitude linearity tests were made on the coa5)uter for bias voltages of 
0.1, 0.6, 1.2, 2.5* and 5 Vdc. Results are shown in figures 8, 9* 10, 11, 
and 12. 


Variable Gain Amplifier Tests 

The UIIS is usable only where is such that the gain of the variable 
gain an5)lifier varies as the -2/3 power. From eqxiations (2l+) and (25a), 
with the input voltage expressed as rms rather than pp, the output voltage 
of the computer can be expressed as: 


V * Kv. V 

o loc crms 


or 


V 

crms 

V 

o 



The bias voltage, v^^q^, was varied and V(.j.jjg was adjusted until Vq was 
about 5 Vdc. It was difficult to get Vq to exactly equal 5 Vdc, so the 
ratio Vcmig/vQ was plotted against 1® shown in figiire 13. 

It is to be noted that the desired gain is proportional to the inverse 
of vxoc^/l* 1^® voltage, v^Qg, simulated the output of the pressure 
transducer. 


The uns is usable where vjq is such that the curve is linear. This 
corresponds to v^q^/^ =1.0 Vdc^/3 or v^o =1.0 Vdc. For a Pofs 2.U x 
103 N/m2 (0.35 psid) at a v^ofs of 5 Vdc, atmospheric pressure and 15°C 
(59°F), this corresponds to a of 28 m/sec (63 mph). 
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Determination of Optimum Orifice Size for 
Pressiure Tabulation System 

For accurate measurements, it is necessary for the dynamic response of the 
tubing between the pitot tube and the pressiure transducer to be as flat as 
possible. For a given tubing eonfiguvation, the response can be controlled 
to some extent by varying the diameter and length of an orifice placed at 
the source end of the tube. 

A mock-up was made of the tubing configuration actually used on the 
airplane on which the UITS is to be used. This is shown in figure 14. A 
Bolt, Beranek, and Newnan Model 901 D microphone calibrator was used as 
the source of dynamic pressure. A Pace CP-5 IDT 6.9 x 10^ N/m^ (o.l psid) 
pressure transducer was used as a reference transducer to measure pressure 
at the source end. Because of the physical size of the reference transducer 
and details of the calibrator not illustrated in figure l^*, the so\ffce end 
of the tubing and the reference transducer could not be rao\inted flush with 
the dynamic pressure so\irce. Dynamic resx>onse measurements were made for 
several different orifices. The results are shown in figure 15* The 
orifice number corresponds to the size of the drill used to drill the hole. 
No. 67 orifice (O.O 8 I cm D, 1.27 cm L) is flat over the frequency range of 
most importance. It was decided to use this orifice for the next tests to 
be made with the UITS. The dynamic pressures applied at the source end 
varied in a given run with frequency and were between approximately 48.2 
and 68.9 N/m^ rms (7 x 10”3 and 10 x 10“3 psi rms). 

Previous to the tests, the dynamic response of the tubulation between the 
”T" and the reference transducer was calculated using equations { 6 . 89 ) 
and ( 6 . 90 ) on page Uoi of reference 6. These equations are based on a 
second order constant coefficient differential equation model. The damping 
coefficient was found to be 0.02 and the natureLL frequency about 750 Hz. 
Therefore, the response can be considered essentially flat from 0 to 60 Hz. 


CONCLUDING REMARKS 


A mathematical transfer function from turbulence input to c^/3 output 
indicator was derived for a Universal Indicated Turbulence System. From 
this, a calibration procedure was developed. Calibration and performance 
tests were made on a particular Universal Indicated Turbulence System, 
Model 1120, manufactured by Meteorology Research, Incorporated. The cali- 
bration procedure essentially consisted of inserting a 12 Hz sinusoidal 
signal at the input of the system computer and adjusting the computer gain 
for full scale d output. In order to calculate the proper magnitude 
of this sinusoidal voltage, it was necessary to determine experimentally 
the transfer function of the computer filter. Within the operating range 
of the system, this transfer function was found to be amplitude invariant. 
Linearity tests on the computer at frequencies of 6, 12, and 20 Hz showed 
the computer characteristic to be linear. 
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Tests on the cos^uter vsrishXe ^in saplifler Sieved that the gain wsried 
as the -2/3 power for dc input voltages above 1>0 Vde. This -2/3 i»wer 
'i^iation is necessary for the proper operation of the systea. At a 
density corresi^nding to 13°C (?9^P)« atnospheric pressure, and a full 
scale pressure transducer output iraltage of 5 Vdc at 2.h x 10^ N/a^ 

(0«3? psid), the system is usable at a minimum airspeed of 28 m/sec 
(63 mph). 

Tests were made to obtain the optiimmi dynamic response for the pressure 
tubing between the pitot tube and the pressure transducer. The response 
could be controlled to some extent by -^ranrying the diameter and length of 
an orifice placed at the source end of the tube. It ims found that a #6? 
orifice (0.08l cm diameter, 1.27 cm length) gave the optimum response. 

In conclusion, although no attes^t was made to check all specifications, 
the tests that were performed shoved that the instrument should perform 
satisfactorily. 
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FIG. 1 - UNIVERSAL INDICATED TURBULENCE SYSTEM BLOCK D! 
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FIG. 3. DETAILED BLOCK DIAGRAM USED IN DETERMINATION OF TRANSFER 







FIG. 4. EQUIVALENT RC AVERAGING CIRCUIT 
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FIG. 6 - DIAGRAM OF EXPERIMENTAL SETUP FOR TESTING THE UNIVERSAL INDICATED 
SYSTEM COMPUTER 
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FIG. 7. UNIVERSAL INDICATED TURBULENCE SYSTEM FREQUENCY RESPONSE 
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FIG. 10 - OUTPUT VOLTAGE VS. INPUT VOLTAGE FOR 1.2V DC BIAS VOLTAGE 
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FIG. 11 - OUTPUT VOLTAGE VS. INPUT VOLTAGE FOR 2.5V DC BIAS VOLTAGE 
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FIG. 12 - OUTPUT VOLTAGE VS. INPUT VOLTAGE FOR 5.0V DC BIAS VOLTAGE 
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FIG. 13. AC INPUT VOLTAGE/DC OUTPUT VOLTAGE VS. DC INPUT VOLTAGE 
TO 2/3 POWER 
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FIG. 14 - MOCK-UP OF TUBING CONFIGURATION USED UNITS APPLICATION 
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FIG. 15 - DYNAMIC RESPONSE CHARACTERISTIC OF TUBING MOCK-UP FOR VARIOUS ORIFICES 


